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Although many studies on prevalence and out-
come of aneurysm repair have been reported by indi-
viduals and high-volume institutions,1,2 the results may
not accurately reflect typical results achieved at most
community hospitals. Currently, no epidemiologic
data exist on expected outcomes for aneurysm surgery
in the United States. With development of new
endovascular grafting techniques,3 there is a greater
need for accurate data on current outcomes for surgi-
cal repair of aneurysms. The purpose of this study was
to examine the results of surgery for cases of aneurysms
in the United States during a decade by using the
National Hospital Discharge Survey (NHDS) from the
years 1985 to 1994, thereby producing a national stan-
dard for the expected outcome of surgical aneurysmal
repair that can be compared with the outcomes of the
new endovascular techniques.
METHODS AND MATERIALS
The National Hospital Discharge Survey database
The data for the survey came from a sample of
inpatient records obtained from a national sample,
called the NHDS, of non-federal, general hospitals
and short-stay, specialty hospitals in the United
States. The NHDS is the principal source for data on
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the characteristics of patients discharged from non-
federal, short-stay hospitals. A detailed description of
the sampling methodology used by the NHDS
appears in the Appendix.
The survey, conducted by the National Center for
Health Statistics of the Center for Disease Control and
Prevention,4 samples general and children’s hospitals
with average lengths of stay less than 30 days. Federal,
military, and Department of Veterans Affairs hospitals,
hospital units of institutions (such as prison hospitals),
and hospitals with fewer than six beds staffed for
patient use are excluded. Since 1988, all hospitals with
1000 beds or more or at least 40,000 discharges per
year have been included in the sample, and remaining
samples, of hospitals with less than 1000 beds, are
selected according to a three-stage stratified sampling
design.
Hospital information collected by the survey
includes region of the country (Northeast, Midwest,
South, or West) and number of hospital beds. Demo-
graphic patient information includes age, sex, race,
marital status, and discharge status (dead or alive only).
Medical patient information collected includes prima-
ry diagnosis and as many as five other diagnoses, as
many as four surgical and non-surgical procedures,
length of stay, and dates of surgery. Diagnoses and
procedures are coded according to the International
Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM).
Population estimates
The population estimates that the NHDS uses in
computing rates are obtained from data provided by
the US Bureau of the Census regarding that year’s
estimates for the US civilian population, including
institutionalized persons. The NHDS does not pro-
vide population estimates unless a reasonable assump-
tion regarding the probability distribution of the sam-
pling error is possible. That is, given a sufficiently
large sample size, the sample estimate approximates
the population estimate and, on repeated sampling, its
distribution will approximate that of a normal curve.
Each record in the NHDS dataset is given a pop-
ulation weight. Rare circumstances are given a low
weight—that is, few cases are expected to occur. An
example of this would be a case of a malignant breast
cancer in a 24-year-old man. The weight, or the num-
ber of men expected to have this disease in a given
year, is low, perhaps as low as one, given the hospital
size, the region of the country, and the discharge sta-
tus. Common conditions are given a high weight. For
example, an NHDS record of a 70-year-old man with
a non-ruptured abdominal aortic aneurysm (AAA) in
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an Eastern 500+-bed hospital may have a weight of
489, which means that for every record with these
specific criteria, there are 488 other discharges identi-
cal to this one that take place in a given year.
Study patient selection
The patient data extracted from the NHDS includ-
ed all cases admitted from 1985 to 1994 with one or
more non-cerebral aneurysms in any of the available
ICD-9-CM diagnosis fields. Records of children (<16
years of age) were excluded to remove any potential
for including into the analysis aneurysms as results of
congenital or genetic abnormalities.
As a cross check of the data, the cases admitted for
repair of aneurysm in the years 1990 and 1994 were
reviewed by two independent reviewers, with individ-
ual ICD-9-CM procedure codes to determine whether
the aneurysm reported in the diagnosis correlated to
the procedure used to repair it. This enabled the exclu-
sion of records that were suspected of miscoding and
the explanation of records that were coded in the pro-
cedure code as “unspecified aneurysm repair,” in
which a specific type of aneurysm could be determined
with the diagnostic code.
Patient age, sex, and geographic region were
examined for all years. Available aneurysm diagnoses
from 1985 to 1994, length of hospital stay, in-hos-
pital mortality rate (calculated with discharge sta-
tus), and hospital size additionally were analyzed
with the selected records from 1990 and 1994, the
only years for which these data are available. Because
race was not stated on a substantial number of
records (19% in 1990), it was not examined.
The complete, final number of aneurysm records
for years 1990 and 1994 combined was 2373 records
(total of 0.8% of database). When NHDS weighting
estimates were applied to the records, it was deter-
mined that an estimated 305,602 (± 67) cases of
aneurysm were repaired in 1990 and 1994.
1990 and 1994 data analysis
For each category of aneurysm repair coded by
ICD-9-CM (abdominal aortic, thoracic aortic, thora-
coabdominal, iliac, peripheral, renal, visceral, subcla-
vian, carotid, and upper extremity), surgical rates, age,
hospital size, sex ratios, mortality rates, and lengths of
hospital stay of aneurysm cases were examined and
compared. For cases of abdominal aortic and thoracic
aneurysms, the only surgical aneurysm repairs sepa-
rated by the NHDS by degree of urgency, we also
compared emergency repair (ruptured) with elective
repair (non-ruptured).
Because of potential variability in the accuracy of
hospital discharge coding, additional measures were
taken to ensure complete identification of aneurysm
repairs. First, records in the 1990 sample that con-
tained a diagnosis for atherosclerosis were reviewed
independently by two researchers for procedure codes
specifying aneurysm repair. Of 2417 records with ath-
erosclerosis, only one patient was found to undergo
aneurysm repair without an additional diagnosis of
aneurysm. Consequently, we did not continue this
examination for the other sample years.
To test the effectiveness of aneurysm repair identi-
fication with our method as compared with those
methods used in previous studies,5,6 records of AAA
repair identified with procedure codes were compared
with records identified with AAA diagnostic codes and
associated with AAA repair. Although the resulting
number of records was the same for each subset, the
identification of aneurysm cases with diagnosis and
with procedures allowed differentiation between rup-
tured and non-ruptured for AAA and thoracic aortic
aneurysm surgeries and the identification and elimina-
tion of inaccurate cases of miscoded aneurysms. The
use of such a methodology allowed the researchers to
collect a more accurate sample of aneurysm cases than
could a method that used only procedure codes.
The researchers also identified isolated iliac
aneurysms separately from aortoiliac aneurysms by
examining all cases with iliac codes. The cases that
were coded with both an iliac aneurysm and an AAA
were considered to have aortoiliac aneurysms, and
records that showed only an iliac aneurysm were
counted as isolated iliac aneurysms. The percentage of
aortoiliac aneurysms appeared to be lower than
expected. This may be the result of a coding error or
may be caused by a general sentiment that one
aneurysm should receive one diagnosis code, not two.
The cause of an aneurysm, which is particularly
relevant in the femoral, carotid, and upper extremity
categories in which degenerative, traumatic, anasto-
motic, or post-procedural pseudo aneurysms are quite
common, is not specified in the NHDS and therefore
could not be analyzed. In addition, although it would
be advantageous to analyze femoral and popiteal
aneurysms separately, these aneurysms are combined
into the category “lower extremity” in the NHDS
and therefore could not be examined individually.
Although the NHDS is the largest dataset on hos-
pitalizations in the United States, information extract-
ed from the survey on uncommon aneurysms of the
splenic, renal, and upper extremity arteries is less reli-
able because of the relative rarity of these diagnoses.
With criteria from the NHDS,7 we reviewed the num-
ber of records in each diagnosis set to determine
whether data could be extracted reliably. Where
noted, samples from 1994 that were too small for sta-
tistical validity (<20 samples) were combined with
samples from 1990 to produce our estimates.
Statistical analysis
In addition to reporting demographic trends in
aneurysm repair over time, we examined differences
between various patient and hospital characteristics
and surgical outcome (mortality rate and length of
stay). Because of the large numbers of aneurysms
that were represented by weighting the data, all the
variables of interest that required further analysis
than a demographic summary were tested for statis-
tically significant differences with the analysis of the
unweighted sample records. The statistical tests used
included the Pearson χ2 test, the Fisher exact test,
and, to adjust for abnormally distributed categories,
such as age or discharge status, in which too few
cases might be present, the likelihood ratio test.
RESULTS
General 1994 information
The NHDS found an estimated 156,190
aneurysm cases diagnosed in US hospitals in 1994.
Of these, 51,949 were treated surgically, for an over-
all repair rate of 33%. Of all aneurysm surgeries, 75%
were performed on either ruptured or non-ruptured
abdominal aortic aneurysms. Other significant
aneurysms repaired included aneurysms of the lower
extremities, iliac artery aneurysms, and thoracic aor-
tic aneurysms (Table I).
Surgical mortality rates for the most common
aneurysms in the dataset (eg, AAA, thoracic, iliac, and
lower extremity) varied from 1.2% for lower extremity
aneurysm repair to 68.2% for ruptured AAA (Table
II). As noted previously, the category “lower extremi-
ty” in the NHDS included both femoral and popiteal
aneurysms. Therefore, the repair rates for the two
aneurysms could not be identified separately.
The median length of stay for patients who under-
went any aneurysm surgery, whether discharged alive
or dead, was 9 days. Removing those patients who
were discharged dead did not significantly alter overall
length of stay. However, distribution of emergency
aneurysm patients who died was bimodal, with most
deaths occurring either immediately after surgery or
after 30 days. Most aneurysm cases were men; male-
female ratio among aneurysm surgeries was estimated
at 4.2:1.
Regional variation was found in prevalence 
of aneurysm diagnoses and surgeries and in rates of
repair and operative mortality. Number of aneurysm
surgeries per thousand population varied from 0.19 in
the West to 0.29 in the Northeast (P = .025; Fig 1).
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Number of patients per thousand population with
nonruptured AAAs who underwent elective surgery
ranged from 0.09 in the West to 0.16 in the
Northeast (P < .01; Fig 2). Operative mortality vari-
ability across regions was not statistically significant. A
general tendency was found for men to undergo sur-
gical repair for aneurysms more than women (overall
P < .001). This repair rate was significantly greater for
almost every type of aneurysm (Table III).
Abdominal aortic aneurysm
In 1994, an estimated 113,977 hospitalized
patients were diagnosed with either ruptured or non-
ruptured AAA. Of these, 79,081 patients with AAAs
were men and 34,896 were women, for a male-female
ratio of 2.3:1. Of those patients diagnosed with AAA,
34% underwent surgery. Aneurysms coded as aortoili-
ac represented 8% of all AAA diagnoses and 15% of all
AAA repairs. Patients with aortoiliac aneurysms had
similar demographic characteristics (age, sex, male-
female ratio) and outcome as those with isolated AAAs
and therefore were not reported separately.
The repair rate of AAA diagnoses varied signifi-
cantly according to sex. In 1994, 40% of all the men
diagnosed with AAA underwent surgery. The corre-
sponding repair rate for women was 20% (P < .001).
Although the number of diagnoses increased for both
men and women in the years 1985 to 1994, the num-
ber of AAA surgeries increased only for men (Fig 3).
Distribution of hospital size among elective AAA
repairs changed from 1990 to 1994. From 1990 to
1994, repair rates of smaller hospitals (6 to 99 beds
and 100 to 199 beds) decreased significantly (P <
.005) and those of larger hospitals (200-299 beds,
300-499 beds, and 500+ beds) increased (P < .001;
Fig 4). Although overall operative mortality rate for
all aneurysms diminished with hospital size, the
largest hospitals had slightly higher surgical mortality
rates than did smaller hospitals for elective AAA
repair. This difference, however, was not statistically
significant (Fig 5).
Non-ruptured abdominal aortic aneurysm
In 1994, the NHDS database recorded 105,507
diagnosed cases of non-ruptured AAAs. Of these,
32,389 (30.7%) underwent surgery, with an opera-
tive mortality rate of 8.4%. The median age for those
who underwent surgery was 69 years for men and
76 years for women, with a mean length of stay for
those discharged home alive of 11.16 days (±8 days).
Most of the patients with non-ruptured AAAs
were men. In 1994, 73,604 men were hospitalized
with a diagnosis of non-ruptured AAA, as compared
with 31,903 women, for a 2.3:1 male-female ratio.
The repair rate for AAA was significantly greater for
men (37.3%) than for women (15.4%; P < .001).
However, no statistically significant difference was
found in surgical mortality rate (7.0% for men vs 6.7%
for women; P = .391). Because the mortality rate for
the repair of a non-ruptured aneurysm was quite low,
the researchers used a combination of 1990 and 1994
repair data to compare differences in the two rates.
Fig 1. 1994 regional distribution of aneurysm surgery.
Fig 2. 1994 regional distribution of elective abdominal
aortic aneurysm surgery.
Table I. 1994 distribution of aneurysm surgery
Percentage of total 
Type of aneurysm Total no. repaired aneurysm repairs
AAA 32,389 62.3
Lower extremity 8112 15.6
Ruptured AAA 6623 12.7
Thoracic 1471 2.8
Neck 746 1.4
Isolated iliac 667 1.3
Ruptured thoracic 374 0.7
Thoracoabdominal 362 0.7
Upper extremity 296 0.6
Subclavian 257 0.5
Renal artery 133 0.3
Visceral 47 0.1
Splenic 36 0.1
Other 436 0.8
Total 51949 100.0
AAA, Abdominal aortic aneurysm.
JOURNAL OF VASCULAR SURGERY
636 Lawrence et al October 1999
Ruptured abdominal aortic aneurysm
There were 8470 cases of ruptured AAA in 1994,
6223 cases (78.2%) with surgical repair. Of all patients
who underwent surgery, 68% died, and the median
length of stay for cases with emergency repair dis-
charged home alive was 22 days (±10 days). The medi-
an age of patients who underwent emergency AAA
repair was slightly but not significantly higher than for
those patients in the non-ruptured group: 77 years for
men and 76 years for women. A comparison of the dis-
tributions of length of stay between emergency and
elective repair is given in Fig 6.
Non-ruptured thoracic aneurysm
In 1994, 13,238 patients were diagnosed with
thoracic aneurysms, 10,929 of which were non-rup-
tured. Of patients diagnosed with non-ruptured tho-
racic aneurysm, 1471 underwent surgery for a repair
rate of 13.4%. The surgical mortality rate was 23.7%.
The average case age for patients who underwent
repair was 61 years for men and 59 years for women.
Mean length of stay for patients who underwent
surgery and were discharged home alive was 13 days
(±10 days). Male-female ratio for all non-ruptured
thoracic aneurysm diagnoses was 1:1.
Ruptured thoracic aneurysm
Seventeen percent (n = 2309) of all the 1994
hospitalized thoracic aneurysm cases were diagnosed
with ruptured aneurysms. Of these, 19% underwent
surgery. The male-female ratio was 1.8:1, and aver-
age age was 61 years for both men and women. The
surgical in-hospital mortality rate for ruptured tho-
racic aneurysm was 52%. Those patients who under-
went surgery and were discharged home alive had an
average hospital stay of 12.8 days (±1.8 days; Fig 7).
Iliac aneurysms
Of the 10,038 patients admitted with iliac
aneurysm, 1111 (11%) had an isolated iliac aneurysm:
Fig 3. Repair of abdominal aortic aneurysm (elective and
emergent).
Fig 4. Elective abdominal aortic aneurysm repair and
mortality rates according to hospital size.
Table II. General information on 1994 aneurysm surgeries
No. of M:F ratio of Median age at Operative Median LOS for
Type of aneurysm diagnoses No. repaired repair surgery (years) mortality rate surgery (days)
Ruptured thoracic 2309 374 1:0 80 ± 23 52.1% 1 ± 6
Elective thoracic 10,929 1471 1.7:1 58 ± 14 23.7% 8 ± 10
Ruptured AAA 8470 6623 2.0:1 76 ± 6 68.2% 10 ± 17
Elective AAA 105,507 32,389 5.6:1 69 ± 9 8.4% 8 ± 11
Isolated iliac 1111 667 0.6:1 78 ± 4 5.1% 9 ± 10
Lower extremity 11,988 8112 5.1:1 71 ± 12 1.2% 6 ± 7
Renal artery* 472 133 1:0 51 ± 7 0.0% 5 ± 7
Splenic* 265 36 0:1 63 ± 0 0.0% 18 ± 0
Visceral* 412 47 0:1 73 ± 0 0.0% 9 ± 0
Neck* 2623 74 0.3:1 51 ± 9 9.2% 4 ± 7
Subclavian* 305 257 4.4:1 70 ± 8 0.0% 8 ± 5
Upper extremity* 1915 296 0.4:1 78 ± 20 0.0% 1 ± 1.5
Total 146,306 51,151 4.2:1 71.5 ± 9 14.6% 8 ± 9
Overall repair rate 35.0%
LOS, Length of stay; AAA, abdominal aortic aneurysm.
*Sample data provided by the National Hospital Discharge Survey and used in weighting these estimates are small. These numbers may
not reflect true rates of repair, M:F ratios, or mortality rates.
hospital. This difference is likely caused by a 15-year
difference in age at surgery. Amputation was also
assessed in conjunction with all lower extremity
JOURNAL OF VASCULAR SURGERY
Volume 30, Number 4 Lawrence et al 637
that is, diagnosis without the coexistence of AAA.
Again, this number may be more reflective of coding
practices than true incidence. Of the patients with iso-
lated iliac aneurysms, 667 underwent surgery for a
repair rate of 10.0%. Surgical mortality rate was 5.1%,
and median age for the who underwent surgery was
78 years for men and 73 years for women. Male-female
ratio for isolated iliac diagnoses was 0.4:1, and median
length of stay for patients for surgery was 9 days.
Lower extremity aneurysms
In 1994, an estimated 11,988 patients were admit-
ted with aneurysms of the lower extremity. Male-
female ratio was 4.9:1, and median age for men was
67.1 years and for women was 82 years. Sixty-nine per-
cent (n = 8112) underwent surgery, with an associat-
ed mortality rate of 1.2%. Women who underwent
repair and were discharged home alive spent an aver-
age of 18 days (±6.78 days) in the hospital, and men
only spent an average of 5 days (±6.58 days) in the
Fig 5. Hospital and operative mortality, 1990 and 1994
data combined.
Fig 6. 1994 outcome comparison between ruptured and
nonruptured abdominal aortic aneurysm repair: repair rates,
mortality rates, and distributions of length of stay.
Table III. Aneurysm repair rates
Type of aneurysm Male Female Overall
Ruptured thoracic 25.1% 0.0% 16.2%
Thoracic 24.4% 7.6% 13.5%
Ruptured AAA 81.0% 73.0% 78.2%
AAA 37.3% 15.4% 30.7%
Thoracoabdominal 9.1% 11.7% 10.1%
Upper extremity 23.1% 13.6% 15.5%
Renal artery 40.2% 0.0% 28.2%
Isolated iliac 71.4% 55.1% 60.0%
Lower extremity 68.1% 65.5% 67.7%
Neck 44.9% 26.0% 28.4%
Subclavian 81.3% 100.0% 84.3%
Splenic 0.0% 13.6% 13.6%
Visceral 0.0% 11.4% 11.4%
Total 42.6% 20.0% 35.0%
AAA, Abdominal aortic aneurysm.
A
B
C
patients were diagnosed with carotid aneurysms in
1994, with 28.4% of the patients undergoing repair.
The male-female ratio was 0.2:1, and the median age
for all diagnoses was 57 years for men and 59 years
for women. Surgical mortality rate was 9.2%.
Upper extremity aneurysm. The NHDS record-
ed 1915 aneurysms of the upper extremity in 1994,
with 16% of all diagnoses undergoing surgery. The
median age was 58 years for women and 25 years for
men, which suggests a high percentage of injury-asso-
ciated upper extremity aneurysms for men. No
patients in the dataset died in this category. This was
more likely the result of the small sample size used for
our analysis than a real mortality rate.
Subclavian aneurysm. In 1994, we found an
estimated 305 cases of subclavian aneurysm. The
median age overall (male and female combined) was
70 years. Twenty-five percent of the diagnosed cases
underwent surgery. The median length of stay for
those who underwent surgery was 8 days. The male-
female ratio for all the diagnoses was 5.4:1. The
1994 dataset contains no record of mortality for
patients with subclavian aneurysm. This is again like-
ly the result of small sample size.
Visceral aneurysm. In 1994, 412 diagnoses of
visceral aneurysms were estimated. This number was
calculated from a sample of four records, all of
whom were women. Eleven percent (n = 47) of
those patients diagnosed with a visceral aneurysm
underwent repair, and none died in surgery. The
median age of all the diagnoses was 63 years, and the
median length of stay for all patients was 12 days.
Renal aneurysm. An estimated 472 patients
were diagnosed with renal artery aneurysms in
1994. Of these patients, 331 were men and 141
were women for a male-female ratio of 2.3:1. The
information was derived from a sample of 11.
Twenty-eight percent (n = 133) of all cases that were
diagnosed underwent surgery, and there were no
reported operative deaths. The median age for all
patients was 76 years, and the median number of
days spent in the hospital for surgery was 5 days.
Splenic aneurysm. In 1994, an estimated 265
hospitalized patients had splenic aneurysms, and 14%
of these patients underwent surgery. All diagnoses
were derived from a sample of nine that only con-
tained women’s discharge data, and there were no
reported deaths. The average age of splenic aneurysm
patients was 65 years, and the median length of stay
for patients who underwent surgery was 18 days.
DISCUSSION
These data provide benchmarks for the care of
patients who undergo repair of aneurysms and can be
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aneurysms that underwent repair. In 1.2% of lower
extremity aneurysm repairs, amputation was also per-
formed. No patients who underwent amputation died
in the hospital.
Other aneurysms
The remaining aneurysms found in the NHDS
dataset had few records, and the estimates of lengths of
stay, mortality rates, and sex ratios may not be reliable.
However, such demographic information has not pre-
viously been reported, and therefore the reporting of
this information, even if limited, can contribute to our
understanding of the diagnosis and repair of these
aneurysms. In cases in which the sample size was too
small to isolate the cases that underwent repair from
the cases in which only a diagnosis took place, the
median length of stay and the age at time of diagnosis
was calculated for all the cases in the sample rather than
only for those cases that underwent surgical repair.
Carotid artery aneurysm. An estimated 2623
Fig 7. 1994 outcome comparison between ruptured and
nonruptured thoracic aortic aneurysm repair: repair rates,
mortality rates, and distributions of length of repair.
A
B
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used for comparison in the evaluation of new forms of
therapy, such as endovascular grafts. These data are
based on the NHDS, the most comprehensive data-
base available, which reflects the current practice in
treating aneurysms in the United States. The principal
advantage with the use of a large database like the
NHDS is that frequent diseases that can be precisely
coded, such as aortic aneurysms, can be evaluated on a
national level, particularly when simple measures, such
as sex, age, and in-hospital mortality rate, are used.
Although the dataset is the largest available, it is limit-
ed in some aspects: it combines aneurysms of all eti-
ologies, so traumatic aneurysms in young patients (for
this study, cases of aneurysms with reported age <45
years) are reported alongside degenerative aneurysms
in the elderly. This limits the usefulness of data in cer-
tain sites (femoral, carotid, upper extremity) in which
traumatic aneurysms are common. Since these data are
derived from a sample, the data on rare aneurysms are
less reliable and can be overrepresented or underrepre-
sented by NHDS’s sampling and weighting scheme.
Finally, information on in-hospital mortality is readily
available, but information on morbidity is not.
A notable degree of skepticism concerns the accu-
racy of coding in the NHDS. A study on the accura-
cy of Medicare claims found a 22% error rate among
all first-listed procedures and diagnoses, suggesting
caution when interpreting claims-based hospital data,
such as the NHDS.8 Although coding of all peripher-
al vascular disease diagnoses has a low accuracy (pre-
dictive value, 53%; 95% CI, 47% to 60%), coding for
aneurysm repair was determined by the study to be
quite accurate, with a predictive value of 93% (95%
CI, 68% to 100%). These data suggest that data
extracted from the NHDS on aneurysm repairs are
quite reliable. In addition, we made great efforts to
capture all aneurysms while excluding aneurysm mis-
coding or overcoding. This was accomplished with
identifying diagnostic and procedural aneurysm codes
and then matching them for surgical procedures.
With the limitations recognized, the findings of
this study are in some cases expected but occasionally
surprising. As expected, aortic aneurysms represent
most aneurysms repaired. Comparisons between
emergency and elective surgery for both thoracic and
abdominal aortic aneurysms showed a large difference
in repair and in-hospital mortality rates and lengths of
hospital stay, re-emphasizing the importance of early
identification and repair of cases at risk of rupture.
This finding concurs with other studies.9,10
The mortality rate for elective AAA repair (8.4%) is
comparable—although slightly higher—to that
reported by Johnston and Scobie11 for Canadian vas-
cular surgeons (4.8%) and Kazmers et al12 for Veterans
Affairs hospitals (4.9%). The in-hospital mortality rate
for the repair of ruptured AAA as found with the use
of NHDS is 68%, which is consistent with several con-
temporary studies.13,14 The slightly higher rates of
operative mortality found in our study may reflect dis-
crepancies in outcome between high-volume vascular
centers and less specialized hospitals or between vascu-
lar centers that participate in prospective studies and
those that do not. These data confirm the value of
comprehensive studies of unselected hospitals in the
assessment of surgical outcome.
Unexpected is the regional variation in the rate
of elective AAA repair. After adjustment for popula-
tion size differences, a larger proportion of cases in
the Northeast underwent surgery for aneurysms and
the Western region showed a significantly lower
repair rate. This may be the result of differences in
the patient population, such as prevalence of large
aneurysms needing repair, or of differences in prac-
tice patterns or the influence of managed care.
Smaller hospitals repaired less aneurysms between
1990 and 1994, a finding consistent with other stud-
ies.6 Although overall mortality rates diminished with
increased hospital size, no statistically significant differ-
ences in in-hospital mortality rates for elective AAA by
hospital size were found in our data. This differs from
other studies that examined surgical outcomes for
large vascular centers versus small hospitals.6,15 One
possible explanation is that smaller hospitals refer high-
er risk cases to larger centers, which results in reduced
surgical volume. It is important to note, however, that
hospital size measures number of beds rather than
number of surgeries performed annually. Mortality
rate for larger hospitals may not necessarily coincide
with mortality rate achieved at large vascular centers.
Somewhat unexpected was the significant differ-
ence between surgery rates of men and those of
women with the same diagnosis. Several possible
explanations can be offered for this discrepancy. First,
the size of aneurysms in women may not be as great
as in men. So, those aneurysms diagnosed in women
may not have as high a risk of rupture as those in men.
If this were the case, however, a lower ruptured rate
among aneurysm cases in women would be expected.
In our data, the percentage of women diagnosed with
ruptured AAA was 9.4% and the ruptured rate for
men was 7.4%. Another explanation previously
offered for this phenomenon is a possible gender bias
in the criteria used to decide whether a patient was a
candidate for surgery.16,17 A common indication for
AAA surgery is an aneurysm with a diameter more
than 5 cm. Because women have smaller arteries than
men, women possibly could be better treated with a
sex-adjusted standard to compensate for their smaller
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aortas. This would increase the repair rate in women
and reduce the number of emergency repairs. Finally,
aneurysms may be less frequently repaired in women
because of the widespread yet erroneous impression
that cardiovascular disease is less common in women.
Each surgeon should be aware of overall results
achieved by his or her own surgery. These national
data can provide the benchmark with which those
results can be compared. Smaller hospitals can achieve
an acceptable operative mortality rate for repair of
AAA if they properly select patients. Also, increased
awareness of aneurysms in women should reduce the
probability of unrecognized or untreated AAAs rup-
turing. Such recognition may help reduce the overall
mortality rate of AAA in women.
REFERENCES
1. Scott RP, Ashton HA, Kay DN. Abdominal aortic aneurysm
in 4237 screened patients: prevalence, development and
management over 6 years. Br J Surg 1991;78:1122-5.
2. Crawford ES, Saleh SA, Babb JW, Glaeser DH, Vaccaro PS,
Silver A. Infrarenal abdominal aortic aneurysms. Factors influ-
encing survival after operation. Ann Surg 1991;193:1699-708.
3. Treiman GS, Bernhard VM. Endovascular treatment of
abdominal aortic aneurysms. Annu Rev Med 1998;49:363-73.
4. Simmons WR. Development of the design of the Hospital
Discharge Survey. Vital Health Stat National Center for
Health Statistics 1970 Sep; [1],2(39):1-29. 
5. Stanley JC, Barnes RW, Ernst CB, Hertzer NR, Mannick JA,
Moore WS. Vascular surgery in the United States: workforce
issues. J Vasc Surg 1996;23:172-81.
6. Manheim LM, Sohn M-W, Feinglass J, Ujiki M, Parker MA,
Pearce WH. Hospital vascular surgery volume and procedure
mortality rates in California, 1982-1994. J Vasc Surg 1998;
28:45-58.
7. Gillum BS, Graves EJ, Kozak LJ. Trends in hospital utiliza-
tion: United States, 1998-92. National Center for Health
Statistics. Vital Health Stat 1996;13(124).
8. Fisher ES, Whaler FS, Krushat M, Malenka DJ, Fleming C,
Baron JA, et al. The accuracy of Medicare’s hospital claims
data: progress has been made, but problems remain. Am J
Public Health 1992;82:243-8.
9. Pasch AR, Ricotta JJ, May AG, Green RM, DeWeese JE.
Abdominal aortic aneurysm: the case for elective resection.
Circulation 1984;70(suppl I):I-1-4.
10. Crawford ES, Hess KR, Cohen ES, Coselli JS, Safi HJ.
Ruptured aneurysm of the descending thoracic and thora-
coabdominal aorta. Analysis according to size and treatment.
Ann Surg 1991;213:417-26.
11. Johnston KW, Scobie TK. Multicenter prospective study of
nonruptured abdominal aortic aneurysm. I. Population and
operative management. J Vasc Surg 1988;7:69-81.
12. Kazmers A, Jacobs L, Perkins A, Lindenauer SM, Bates E.
Abdominal aortic aneurysm repair in Veterans Affairs medical
centers. J Vasc Surg 1996;23:191-200.
13. Wakefield TW, Whitehouse WM, Wu SC, Zelenock GB,
Cronenwett JL, Erlandson EE, et al. Abdominal aortic
aneurysm rupture: statistical analysis of factors affecting out-
come of surgical treatment. Surgery 1982;91:586-96.
14. Barry MC, Merriman B, Wiley M, Kelly CJ, Broe P, Hayes DB,
et al. Ruptured abdominal aortic aneurysm—can treatment
costs and outcomes be predicted by using clinical or physio-
logical parameters. Eur J Vasc Endovasc Surg 1997;14:487-91.
15. Flood AB, Scott WR, Ewy W. Does practice make perfect? I:
the relation between hospital volume and outcomes for
selected diagnostic categories. Med Care 1984;22:98-114.
16. Johnston KW, Canadian Society for Vascular Surgery Aneurysm
Study Group. Influence of sex on the results of abdominal aor-
tic aneurysm repair. J Vasc Surg 1994;20:914-26.
17. Katz DJ, Stanley JC, Zelenock GB. Gender differences in
abdominal aortic aneurysm prevalence, treatment, and out-
come. J Vasc Surg 1997;25:561-8.
Submitted Sep 15, 1998; accepted May 3, 1999.
APPENDIX. DESCRIPTION OF SAMPLING
METHODS.
The statistics the NHDS uses to calculate nation-
al estimates are derived with a multistage estimation
procedure that has three basic components. The first
stage of the procedure calculates the probability of
the sample representing the universe of data from
which it was selected by calculating its overall prob-
ability of selection. There is one probability for the
three stages of sampling: (a) the probability of
selecting this primary sampling unit, (b) the proba-
bility of selecting the hospital, and (c) the probabil-
ity of selecting the discharge within the hospital. The
overall probability of selection is the product of the
probabilities at each stage. The inverse of the overall
selection probability is the basic inflation weight.
Next, the NHDS data are adjusted to account
for two types of non-response. The first is when the
sample hospital did not respond for more than half
of the months it was in scope, thus making it a non-
respondent hospital. In this case, the weights of dis-
charges from hospitals similar to (same region, hos-
pital specialty-size group, and if possible, the same
sampling stratum) the non-respondent hospitals
were inflated to account for discharges represented
by the non-respondent hospitals. 
The second type of non-response occurred when
the NHDS failed to collect all the discharge abstracts
expected (the product of the hospital’s total dis-
charges each month and the discharge sampling rate
assigned to the hospital). In this case, the weights of
abstracts collected for the month were inflated to
account for the missing abstracts.
Last, population weighting ratio adjustments
were made to adjust for oversampling or undersam-
pling of discharges reported in the sampling frame
for the data year. For the data collected in this study,
the adjustment used as its numerator the number of
admissions reported for the year at sampling frame
hospitals within each region-specialty-size group and
as its denominator the estimated number of those
admissions for that same hospital group. 
